Introduction {#sec1-1}
============

Ewing\'s sarcoma is the second most common malignant bone tumor in adolescents and young adults, with high propensity to metastasize due to its aggressive behavior. It includes a family of tumors with common mesenchymal progenitor cell origin, characterized by similar histological and immunohistochemical features with unique nonrandom chromosomal translocation involving *ESWR* gene on chromosome 22. About 25% patients present with upfront clinical metastatic disease, while 80%--90% have subclinical microscopic widespread disease at baseline.\[[@ref1]\] Hence, local therapy alone is ineffective and use of chemotherapy has led to remarkable improvement in survival.\[[@ref2][@ref3]\] However, outcome of patients with upfront metastasis is dismal with long-term cure in 20%--30% of patients despite aggressive chemotherapy and local therapy.\[[@ref4]\] Meticulous selection of patients with metastatic disease may help in salvaging good-risk patients with aggressive systemic and local therapy while help conserve resources and spare serious toxicity to patients with widespread poor-risk metastatic disease.

There are lack of consensus and absence of uniform treatment policy for patients with upfront metastatic Ewing\'s sarcoma. The primary reason is that most of the series and published trials are retrospective in nature with selection and reporting bias. Moreover, majority of studies have heterogeneous and diverse patient population with equally varied local therapy to primary, treatment for metastatic site as well as different combination and dose intensity of chemotherapy used. The objective of this review is to collate evidence for benefit of local therapy and systemic therapy in patients presenting with upfront metastatic Ewing\'s sarcoma and provide general recommendations so as to select patients who will benefit with definitive intent treatment and also avoid aggressive approach in patients with dismal outcome.

Method and Design {#sec1-2}
=================

Published trials, case series, and studies were identified using PubMed search engine to assess Medline Express database (National Library of Medicine, Washington, DC, USA) and Cochrane Collaboration database for data until May 2016. The keywords used were "Ewing\'s sarcoma," "pulmonary metastasis," "bone metastasis," "lung irradiation," whole lung irradiation, "pulmonary metastasectomy," "high dose chemotherapy," "autologous transplant Ewing\'s," "allogenic transplant." Due to several studies combining local and systemic therapy intensification for metastatic Ewing sarcoma for optimizing outcomes, we segregated this review into:

Local therapy for metastatic disease: (i) Pulmonary metastasis: Whole lung irradiation (WLI) and pulmonary metastasectomy (PM); (ii) Bone metastasis: Curative intent radiotherapy for bone metastasisSystemic chemotherapy: (i) Conventional dose; (ii) Dose-dense and dose-intense; (iii) High-dose chemotherapy and transplant.

Local therapy for metastatic disease: Pulmonary metastasis {#sec2-1}
----------------------------------------------------------

### Whole lung irradiation {#sec3-1}

Synchronous pulmonary metastasis at presentation can be seen in 12%--20% of patients with Ewing\'s sarcoma.\[[@ref4]\] Studies evaluating the role of WLI in patients with *de novo* pulmonary metastasis in Ewing\'s sarcoma are summarized in [Table 1](#T1){ref-type="table"}. Outcome of patients with pulmonary-only metastasis is better than those with bone metastasis, which in turn is better than patients who present with bone and pulmonary metastasis.\[[@ref4][@ref5][@ref6][@ref7]\] The impact of local therapy for pulmonary metastasis is substantial in terms of 3-fold improvement in survival, from 14% 3-year overall survival to 39%, as per one of the largest series reported by EURO-EWING 99 study.\[[@ref5]\] Moreover, patients with unilateral lung metastasis do better than bilateral metastasis.\[[@ref7]\]

###### 

Studies showing outcomes with consolidative whole lung irradiation (WLI) in patients with de novo pulmonary metastasis
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Retrospective evaluation of Centre for Economic and Social Studies study showed that addition of WLI after induction chemotherapy, irrespective of PM improved survival up to 30%. Doses between 12 and 15 Gy have acceptable toxicity and potential therapeutic effect.\[[@ref8]\] In one of the largest retrospective studies reported, Paulussen *et al*. demonstrated improved benefit of WLI sustained after 10 years of follow-up with 30% event-free survival (EFS). Poor response to induction chemotherapy to primary, bilateral pulmonary metastasis and without WLI was significant negative prognostic factor in multivariate analysis.\[[@ref6][@ref7]\]

WLI in patients who are poor pulmonary responders to induction chemotherapy demonstrated similar benefit as compared to patients who achieved complete pulmonary response to induction chemotherapy, but without WLI.\[[@ref9]\] However, the authors concluded that consolation radiotherapy to lung after good response to induction chemotherapy may provide similar benefits and should be explored further.\[[@ref9]\]

With respect to evaluation of prognostic factors affecting outcomes in disseminated Ewing\'s, patient with marrow metastasis and bone metastasis along with primary disease more than 200 ml in volume conferred poor outcome (10% survival) as compared to patient with solitary pulmonary metastasis (50%).\[[@ref10]\] They also proposed a three-tier prognostic risk scoring system which was subsequently validated with French Ewing\'s sarcoma data, hence demarcating outcomes between good-risk and poor-risk metastatic disease which will be helpful for selecting patients before aggressive therapy.\[[@ref10]\]

The concern regarding pulmonary toxicity with WLI in survivors of pulmonary metastasis is uncalled for as \<7% of patients undergoing WLI had severe pulmonary function deterioration.\[[@ref11]\] Even with longer follow-up studies for patients receiving WLI, only about 10% patients develop significant pulmonary dysfunction, while more than 50% of patients have normal pulmonary function test.\[[@ref11][@ref12]\]

### Pulmonary metastasectomy {#sec3-2}

Surgical resection of pulmonary metastasis has demonstrated survival benefit in certain small round blue tumors with synchronous and metachronous pulmonary metastasis such as osteosarcoma.\[[@ref13]\] However, in Ewing\'s sarcoma, there is a paucity of data comparing PM versus lung irradiation in *de novo* lung metastasis. In one of the largest retrospective studies reported by MD Anderson, Texas, PM with or without WLI significantly improved survival, 80% versus 0% at 5 years. However, the caveat to this study is that majority of the patients chosen for PM had selection bias as smaller and lesser number of pulmonary metastasis was chosen along with those who had good pulmonary function to sustain metastasectomy. Nonetheless, this study did show potential for improved survival among patients who undergo PM.\[[@ref14]\]

In another retrospective analysis of children undergoing PM for childhood small round cell malignancies including Ewing\'s sarcoma, the number of pulmonary metastasis and unilateral or bilateral metastasis did not have significant impact on outcome.\[[@ref15]\] However, if the primary lesion is not controlled and/or the patient is developing progressive metastatic disease while undergoing chemotherapy, it is considered to have a poor outcome.[@ref15] On the contrary, another series reported from France suggested that the number of pulmonary metastasis was an independent predictor of survival with patients less than two pulmonary metastasis, unilateral metastasis, and complete excision showing long-term survival.\[[@ref16]\] Large data from the Thames registry on bone sarcomas have shown that the 5-year survival rate among sarcoma patients who are selected to have PM is higher than that observed among unselected registry data for patients with any metastatic disease at diagnosis.\[[@ref49]\]

[Table 2](#T2){ref-type="table"} demonstrates studies addressing PM in *de novo* pulmonary metastasis of Ewing\'s sarcoma. In summary, most of the series have not shown an effect of number of pulmonary metastases on overall outcome, and hence, all patients presenting with only pulmonary metastases should be treated with definitive intent.\[[@ref8][@ref17]\] However, fewer PMs and patients with complete response (CR) to induction chemotherapy will have an improved survival.\[[@ref11][@ref18][@ref19]\]

###### 

Studies showing outcomes with pulmonary metastatectomy (PM) in patients with de novo pulmonary metastasis
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Local therapy for metastatic disease: Bone metastasis {#sec2-2}
-----------------------------------------------------

Patients with bone metastasis fare poorly compared to patients presenting with pulmonary-only metastasis.\[[@ref5][@ref20]\] Moreover, solitary bone metastasis have superior outcomes compared to those with more than one bony metastasis.\[[@ref10]\] In patients with oligometastatic disease, chemotherapy by itself fails to have good long-term control rate of primary and metastatic disease alone. Long-term survivors with metastatic disease are the ones who underwent local radiotherapy for bone metastasis along with WLI for pulmonary metastasis.\[[@ref5][@ref21]\] Patients undergoing local radiotherapy for bone metastasis had longer disease control rate at 3 years (94% vs. 32%).\[[@ref21]\] However, demographic distribution of patients with bone metastasis demonstrated only 10% having solitary metastasis, while 25% had 2--5 lesions, 44% had more than five bone metastases, thus limiting the numbers to less than one-third who would have long-term outcomes with aggressive chemotherapy and local radiotherapy.\[[@ref5]\]

Another study, reported by MSKCC, showed that use of radiotherapy in bone metastasis to a dose of 50 Gy leads to 91% local control rates at 3 years. It also concluded that patients with more than five bony metastases had unequivocally worse outcomes.\[[@ref22]\] To summarize, patients with *de novo* solitary bone metastasis enjoy better long-term outcomes if local radiotherapy to a dose of 50 Gy is added to bone metastasis along with systemic chemotherapy; however, this benefit drastically declines with increasing number of metastasis correlating with aggressive systemic disease \[[Table 3](#T3){ref-type="table"}\].

###### 

Studies showing benefit of local bone radiotherapy in patients with *de novo* metastatic Ewings
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Systemic therapy {#sec2-3}
----------------

### Conventional chemotherapy {#sec3-3}

Ewing\'s sarcoma is a systemic aggressive disease which is sensitive to chemotherapy. In advanced metastatic disease, conventional dose of chemotherapy produces excellent short-term response rates up to 88%.\[[@ref23]\] However, despite aggressive local therapy of primary and pulmonary/bone metastasis, systemic relapse is the predominant pattern of failure, suggesting need for more intense systemic therapy.\[[@ref24]\] Addition of ifosfamide and etoposide (IE), in initial studies, when added to standard-dose cyclophosphamide (C), adriamycin (D), vincristine (V), and actinomycin D (A) showed modest benefit.\[[@ref24][@ref25]\] Similar enthusiastic outcomes were seen in studies comparing patients treated before 1980 and after that incorporating IE.\[[@ref26]\] Another French study similarly demonstrated higher responders to ifosfamide over standard voltage-dependent anion channel (VDAC) combination even in malignant high-risk Ewing\'s sarcoma.\[[@ref27]\] However, addition of 5-fluorouracil over standard dose conventional VDAC in two series of Intergroup Ewing\'s sarcoma study (IESS) did not show any benefit over standard combination with 5-year survival around 30% in both arms.\[[@ref7]\]

Despite initial encouraging results with addition of IE, subsequent larger studies showed that above combination improved outcomes exclusively in high-risk nonmetastatic Ewing\'s only, while in metastatic *de novo* disease, the outcomes were similar to conventional VDAC combination. Paulussen *et al*. further confirmed that addition of etoposide along with vincristine, adriamycin, ifosfamide, and actinomycin D improved outcomes only in high-risk nonmetastatic disease.\[[@ref28]\] In one of the largest reported *de novo* metastatic Ewing\'s sarcoma data from India, despite aggressive local therapy for primary and metastatic disease after good response to induction chemotherapy, use of standard chemotherapy alone resulted in poor outcomes. Remarkably, there was lack of survival difference irrespective of lung only metastasis, bone only or bone with pulmonary metastasis, hence concluding all patients with metastatic disease should be considered for best supportive care only upfront \[[Table 4](#T4){ref-type="table"}\].\[[@ref29]\]

###### 

Studies showing outcomes with standard dose chemotherapy in patients with *de novo* metastatic Ewing\'s
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### Dose dense and intense chemotherapy {#sec3-4}

Use of conventional dose chemotherapy VDAC + IE resulted in short-term good responses, but majority of patients succumb to early systemic relapses. Hence, increase in dose density and intensity was attempted in some studies to increase outcomes of patients with metastatic Ewing\'s. In MSKCC retrospective series, high-dose chemotherapy was used in 36 patients with poor-risk primitive neuroectodermal tumor, either due to high volume of primary \>100 cm^3^ or metastasis to bone or marrow metastasis. Despite higher dose of adriamycin, cyclophosphamide, IE, patients had early distant relapses soon after achieving excellent early remission of bone and marrow metastasis.\[[@ref30]\] In another feasibility study by St. Jude Children\'s Research Hospital, dose intensification during maintenance phase was attempted. Only 66% patients completed planned therapy, while 80%--85% had severe Grades 3 and 4 neutropenia and thrombocytopenia. Three out of 34 patients developed secondary myeloid malignancies. This study documented an impressive 72% 3 year survival.\[[@ref31]\]

Brazilian collaborative group added carboplatin along with IE at induction and maintenance for patients with high-risk metastatic Ewing\'s, suggesting an improved survival up to 30% at 5 years, though toxicity was a major concern.\[[@ref32]\] In another feasibility study of interval-compressed chemotherapy given every 14 days with granulocyte-colony stimulating factor support, Womer *et al*. showed modest toxicity and EFS similar to contemporary studies.\[[@ref33]\] These above heterogeneous retrospective studies showed modest to poor outcomes with dose intensification with a significant increase in acute toxicities \[[Table 5](#T5){ref-type="table"}\].

###### 

Studies showing outcomes with dose dense/dose intense chemotherapy in patients with *de novo* metastatic Ewing\'s
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### High-dose chemotherapy and transplant {#sec3-5}

Ewing\'s sarcoma being a chemosensitive disease with steep dose--response curve, high-dose chemotherapy with stem cell transplant was thought to be rationale approach in treating high-risk Ewing\'s with large primary tumor or *de novo* metastatic disease. Use of melphalan, etoposide, and high-dose carboplatin followed by autologous transplant in a small subset of patients with upfront pulmonary and skeletal metastasis resulted in 27% EFS at 3 years.\[[@ref20]\] In another study, use of total-body irradiation (TBI) with high-dose chemotherapy (melphalan, etoposide, or cytoxan-thiotepa) after induction chemotherapy in metastatic Ewing\'s leads to 27% 3-year overall survival. In this study, only response to induction chemotherapy was the significant factor affecting outcome in multivariate analysis. Local control was boosted with the use of consolidative radiotherapy in selected metastatic sites.\[[@ref34]\]

The impact of good response to induction chemotherapy was further demonstrated in a subset of patients from the University of Minnesota. Use of high-dose chemotherapy, etoposide, thiotepa, and cyclophosphamide or melphalan, busulfan, and thiotepa conditioning followed by peripheral blood stem cell (PBSC) transplant leads to 4-year EFS of 34%. However, only patients who achieved complete remission after standard induction therapy had better long-term outcomes. Among those who were transplanted after partial response to induction therapy, 13/15 patients died because of disease progression or transplant-related complications.\[[@ref35]\] Outcomes with 45% relapse-free survival at 6 years were demonstrated by Burdach *et al*., in a retrospective study of multifocal Ewing\'s after induction chemotherapy followed by high-dose melphalan, etoposide, and carboplatin. However, all patients also received local therapy at primary and metastatic site.\[[@ref36]\] Allogenic transplant did not improve survival compared to autologous transplant in multifocal Ewing\'s. On the contrary, treatment-related toxicity was twice higher in allogenic arm along with threat for higher secondary malignancies. Similarly, no benefit of graft versus tumor was demonstrated in allogenic transplant.\[[@ref37]\]

Although few studies mentioned above demonstrated better outcomes with high-dose chemotherapy followed by transplant, another set of studies highlighted shortcomings of high-dose transplant with poor outcomes, high treatment-related complications, and secondary malignancies. Horowitz *et al*. showed lack of benefit of 8 Gy TBI and autologous transplant for metastatic Ewing\'s sarcoma, suggesting poor response to this subset of patients and need for further intensification.\[[@ref38]\] Similarly, Bader *et al*. also showed poorer outcomes despite TBI and PBSC transplant.\[[@ref39]\] Further intensification of therapy using dual intensive myeloablative therapy (busulfan, melphalan, and thiotepa) followed by total marrow irradiation in high-risk Ewing\'s sarcoma of family tumor led to 3-year EFS of 36%. However, this intensification was marred by inability to collect sufficient PBSC due to previous radiation therapy in 43% of patients.\[[@ref40]\] Even in MSKCC series, poor EFS was achieved despite TBI and melphalan/thiotepa conditioning in patients with *de novo* bone and bone marrow metastasis \[[Table 6](#T6){ref-type="table"}\]. On the contrary, use of such high-dose increased severe acute toxicities along with an increased risk of secondary malignancies.

###### 

Studies showing outcomes with high dose chemotherapy and PBSC transplant in patients with *de novo* Ewing\'s sarcoma
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Another alternative strategy is to use high-dose chemotherapy followed by hematopoietic stem cell transplant selectively in patients who achieve CR or very good partial response to standard induction chemotherapy. Data from Institut Gustave Roussy showed better overall survival of 38% at 5 years in patients who received BluMel conditioning followed by autologous transplant after achieving CR or very good partial response to induction chemotherapy. Benefit was exclusively for pulmonary metastasis (52% survival) or bone metastasis (36% survival at 5 years) only, while marrow involvement fared poorly (1% long-term survival).\[[@ref41]\] Contrary to above result, similar study reported by MSKCC but with bone and marrow metastasis failed to show any benefit of consolidative autologous transplant.\[[@ref42]\] This was further substantiated with European bone marrow transplant solid tumor registry, in which consolidative mega therapy when used in patients with bone or marrow metastasis after achieving response to induction chemotherapy led to poorer outcome.\[[@ref43]\]

Thus, due to equivocal results in patients with advanced disease as shown in above retrospective heterogeneous series, high-dose chemotherapy and autologous stem cell transplant remain an investigational approach. The ongoing EURO-EWING 99 trial is comparing high-dose chemotherapy versus standard approach in a variety of clinical scenarios including metastatic disease at presentation.

Discussion {#sec1-4}
==========

Ewing\'s sarcoma is an aggressive primary bone tumor with high propensity of systemic metastasis. One-fourth of patients are diagnosed with upfront *de novo* metastatic disease in which long-term outcomes are dismal.\[[@ref1]\] This cohort of patients usually have heterogeneous disease extent at presentation ranging from solitary pulmonary or solitary bone metastasis to extensive multiorgan disseminated disease with outcomes as varied as 40%--\< 10%, respectively.\[[@ref4]\] In view of above, this heterogeneous group of *de novo* metastatic Ewing\'s needs to be stratified into risk groups so as to decide which subset of patients will have superior long-term outcome with aggressive local therapy and systemic chemotherapy, while segregating others at baseline diagnosis who can be considered to best supportive care upfront. This would lead to sparing of acute toxicities of aggressive systemic chemotherapy in poor-risk group along with optimization of scarce resources, especially in low- and middle-income countries.

Majority of studies reporting outcome in upfront metastatic Ewing\'s have used varied combination of chemotherapy with equally diverse local metastatic site consolidative therapy with heterogeneous doses of chemotherapy and radiotherapy. Moreover, the case series published are predominantly retrospective in nature with heterogeneous patient population with considerable selection, reporting, and publication bias, hence limiting our ability to interpolate the evidence for routine clinical practice. There is urgent unmet medical need to segregate patients among *de novo* metastatic disease who would benefit with aggressive curative intent prolonged therapy versus those who would have early systemic relapse and hence poor survival.

After careful evaluation of available literature, it is feasible to categorize these *de novo* metastatic Ewing\'s sarcoma into three unfavorable risk categories: low, intermediate, and poor \[[Table 7](#T7){ref-type="table"}\]. Patients with isolated/or only pulmonary metastases at presentation will come within the low-risk group and should be considered for standard dose curative induction chemotherapy (VDAC ± IE). Out of these, patients with unilateral 1--3 pulmonary nodules will have better outcome than the rest. Patients who achieve CR or very good partial response after 9 weeks of induction chemotherapy should proceed with consolidative local metastatic therapy of WLI, WLI (12--15 Gy) with or without PM (residual nodules after induction chemotherapy) for pulmonary metastasis. This has to be followed with consolidative standard dose chemotherapy (VDAC ± IE) to a total duration of 44--48 weeks. This relatively favorable cohort may have better outcomes with standard dose chemotherapy and aggressive local therapy, provided they have CR or near-CR to 9 weeks of induction therapy. Unfavorable intermediate-risk group comprising oligo-bone metastasis (≤3 bone metastases) has inferior outcomes as compared to unfavorable low-risk group. Patients with response at primary and metastatic sites with standard dose induction chemotherapy should proceed for further curative therapy in this cohort of patients. Patients with lung metastases should proceed with WLI with or without PM with consolidative radiotherapy to the sites of bone metastasis and local treatment of the primary disease. This cohort of patients may benefit with further consolidative high-dose chemotherapy with autologous PBSC transplant, if resources permit or they should be considered otherwise for completion of adjuvant standard dose chemotherapy till 44--48 weeks. Widely disseminated disease at presentation constitutes poor risk, unfavorable group; these patients with upfront marrow, liver, brain, and multiple bone metastasis (\>3 bone metastases) may be considered for palliative intent systemic therapy; however, the outcomes are dismal. These patients may also be considered for only best supportive care, especially in resource-limited settings. There is a need to identify subset of patients among this group which may benefit with aggressive approach.

###### 

Risk stratification for *de novo* metastatic Ewing\'s sarcoma
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Perspective {#sec1-5}
===========

Metastatic Ewing\'s sarcoma is an essentially aggressive systemic disease presenting as a wide spectrum varying from isolated pulmonary metastasis to widely disseminated multiorgan disease with varied outcomes. The paucity of randomized evidence makes the management further challenging. However, the current evidence suggests that in low- and intermediate-risk groups, aggressive (local and systemic) approach improves outcome, wherein in poor-risk group with dismal outcome, aggressive approach can be avoided.

Financial support and sponsorship {#sec2-4}
---------------------------------

Nil.

Conflicts of interest {#sec2-5}
---------------------

There are no conflicts of interest.
